Introduction
The ATP-binding cassette (ABC) is a protein complex that plays an important role in membrane transport. Its fullmolecule (FM) form includes two ATP-binding segments and two transmembrane (TM) regions, and the halfmolecule (HM) contains one ATP-binding and one TM brane of the endoplasmic reticulum and proximal Golgi (Neefjes et al. 1993) . TAP is essential for MHC class Irestricted presentation of antigen, as demonstrated by absent or low expression of MHC class I molecules in TAPdeficient mice and cell lines (Spies and DeMars 1991) . Tumor cell lines frequently show impaired TAP expression and/or function, underlining the key role of TAP in immune surveillance and prevention of tumor growth mediated by MHC class I proteins (Algarra et al. 2000) . Chen et al. (1996) have described a case of human lung tumor with impaired TAP function due to a mutation in the Walker B region of TAP1, and a number of investigators have examined potential associations of TAP1 and TAP2 genotypes with altered susceptibilities to MHC-associated diseases. Results from these investigations suggest that mutations in the TAP1 and TAP2 genes may be associated with ankylosing spondylitis (Colonna et al. 1992) , insulindependent diabetes mellitus (Colonna et al. 1992; Jackson and Capra 1993) , and celiac disease (Colonna et al. 1992 ).
The ABCB4 gene, also known as MDR3 or MDR2, the homologue of murine mdr2 (Linke et al. 1991) , encodes the MDR3 protein, which is a member of the superfamily of ABC transporters (van der Bliek et al. 1987) . High concentrations of ABCB4 in the bile canalicular membrane indicate its possible involvement in transport of phospholipids from hepatocytes to the bile duct, although its function has not yet been clarified (Smit et al. 1993) . Mutations in the human ABCB4 gene are reportedly associated with progressive familial intrahepatic cholestasis (de Vree et al. Jacquemin et al. 1999 ) and intrahepatic cholestasis of pregnancy (Dixon et al. 2000) .
cDNAs encoding ABCB7 (Shimada et al. 1998) , ABCB8 (Hogue et al. 1999) , ABCB9 (Zhang et al. 2000a) , and ABCB10 (Zhang et al. 2000b) were isolated by screening an expressed sequence tags (EST) database. ABCB7, an ABC half-transporter located in the mitochondrial inner membrane, may play a central role in the maturation of cytosolic proteins containing the iron-sulfur (Fe/S) cluster (Shimada et al. 1998) . Mutations in the ABCB7 gene are associated with X-linked sideroblastic anemia and ataxia (XLSA/A) (Allikmets et al. 1999; Bekri et al. 2000) . ABCB8 is an ABC half-transporter located in the mitochondria, but its function is unclear (Hogue et al. 1999) . ABCB9 mRNA is expressed at a high level in testis and at moderate levels in brain and spinal cord, although the function of the gene product, located in lysosomes, similarly is unknown (Zhang et al. 2000a) . ABCB10 is expressed ubiquitously, but is especially abundant in bone marrow; its product is located in mitochondria, but the function of ABCB10 is also obscure (Zhang et al. 2000b) . Gerloff et al. (1998) identified a rat gene, Spgp, which encoded a novel ABC transporter (ABCB11), Sister of P-Glycoprotein (SPGF). In the rat, SPGF is expressed only in the liver canalicular membrane, and it appears to function as a bile salt transporter or a bile salt export pump (Gerloff et al. 1998) . In humans, mutations in the ABCB11 coding sequence cause progressive familial intrahepatic cholestasis, evidence that ABCB11 is the major canalicular bile salt export pump in human (Strautnieks et al. 1998) .
To investigate the nature of apparent genotype/ phenotype correlations for some ABC-transporters in more detail, we began by searching for additional SNPs in the nine ABCB genes described above, including their promoter regions and introns, but excluding repetitive elements, and we report here a total of 326 genetic variations, of which 226 have not been previously reported. ABCB1, ATP-binding cassette, subfamily B, member 1; NCBI, National Center for Biotechnology Information; SNP, single-nucleotide polymorphism; UTR, untranslated region; del, deletion; ins, insertion a For SNPs in the 5Јflanking region, intron region, or 3Јflanking region, nucleotide positions are counted from the first intronic nucleotide at the exon/intron junction (for SNPs in the exon region, nucleotide positions are counted from the first exonic nucleotide at the exon/intron junction) b SNPs previously reported by Hoffmeyer et al. (2000) c SNPs previously reported by Cascorbi et al. (2001) d SNPs previously reported by Tanabe et al. (2001) TAP2, transporter associated with antigen processing 2 b SNPs previously reported by Jeffreys et al. (2000) c SNPs previously reported by Colonna et al. (1992) d SNPs previously reported by Powis et al. (1992) Materials and methods
Exon-intron boundaries of the ABCB1, TAP1, TAP2, ABCB4, ABCB7, ABCB8, ABCB9, ABCB10, and ABCB11 genes were defined by comparing genomic sequences with mRNA sequences. Accession numbers of the genomic sequences obtained for this study are as follows: Accession numbers of the mRNA sequences are as follows: Amplification of samples and detection of polymorphisms Total genomic DNAs were isolated from peripheral leukocytes of 48 unrelated Japanese individuals by the standard phenol/chloroform extraction method. On the basis of sequence information from GenBank, we designed polymerase chain reaction (PCR) primers to amplify DNA fragments from all nine genes, excluding repetitive elements, by invoking the REPEAT MASKER computer program (http://ftp.genome.washington.edu/cgi-bin/RepeatMasker). PCR experiments and DNA sequencing were performed according to methods described previously Saito et al. 2001; Sekine et al. 2001 ). All SNPs detected by the PolyPhred Computer Program (Nickerson et al. 1997) were confirmed by sequencing both strands of each PCR product.
Results
We screened 96 Japanese chromosomes for SNPs in nine genes belonging to ATP-binding cassette, subfamily B (ABCB/MDR/TAP) by direct DNA sequencing.
Resequencing of a total of about 278 kilobases of genomic DNA (70 kb for the ABCB1 gene, 9 kb for TAP1, 6 kb for TAP2, 43 kb for ABCB4, 33 kb for ABCB7, 13 kb for ABCB8, 42 kb for ABCB9, 17 kb for ABCB10, and 45 kb for ABCB11) identified a total of 297 SNPs and 29 insertion/ deletion polymorphisms. On average, we identified one SNP in every 936 nucleotides. Figure 1 (A-I) illustrates the location of each variation in the respective genes; detailed information about nucleotide positions and substitutions is summarized in Table 1 (A-I). The numbers and types of genetic variations are summarized in Table 2 . Among the 297 SNPs listed here, 50 were identified in ABCB1 (average of one per 1400 bp), 14 in TAP1 (1/643 bp), 35 in TAP2 (1/171 bp), 48 in ABCB4 (1/896 bp), 13 in ABCB7 (1/2538 bp), 21 in ABCB8 (1/ 619 bp), 21 in ABCB9 (1/2000 bp), 13 in ABCB10 (1/ 1308 bp), and 82 in ABCB11 (1/549 bp). Of the 29 insertion/ deletion polymorphisms, we found 3 in the ABCB1 gene, 2 in TAP2, 2 in ABCB4, 2 in ABCB7, 3 in ABCB8, 1 in ABCB10, and 16 in ABCB11. Of the 326 genetic variations identified in our screening, 226 (69%), including 29 insertion/deletion polymorphisms, had not been reported previously. Classification of SNPs on the basis of their locations is summarized in Table 3 . Among the 297 SNPs, 13 were located in 5Ј flanking regions, 237 in introns, 37 in exons, and 10 in 3Ј flanking regions. Among the 37 SNPs detected in exons, 3 were located in 5Ј untranslated regions (UTRs), 23 in coding regions, and 11 in 3ЈUTRs.
Among the 37 SNPs detected in exons, 23 were present in coding regions; 10 of those would cause amino acid substitutions: Ala893Ser/Thr in the ABCB1 gene, (rs2032582); Ile393Val in TAP1 (rs1057141); Val379Ile (rs1800454), Cys651Arg, Thr665Ala (rs241447), and stop687Gln (rs241448) in TAP2; Val135Ile in ABCB8; Val121Met in ABCB9; Ala150Ser in ABCB10; and Val444Ala in ABCB11. Of these, 5 were novel (Cys651Arg in TAP2, Val135Ile in ABCB8, Val121Met in ABCB9, Ala150Ser in ABCB10, and Val444Ala in ABCB11). Among the 13 synonymous SNPs (2 in the ABCB1 gene, 2 in TAP2, 3 in ABCB4, 1 in ABCB8, 1 in ABCB10, and 4 in ABCB11), 7 were novel (59Leu and 237Ile in ABCB4, 328Arg in ABCB8, 301Ser in ABCB10, and 36Asp, 90Phe, and 269Tyr in ABCB11).
Discussion
We identified 326 genetic variations (297 SNPs and 29 insertion/deletion polymorphisms) by screening the entire genomic regions, except for repetitive sequences, representing nine ABCB genes (ABCB1, TAP1, TAP2, ABCB4, ABCB7, ABCB8, ABCB9, ABCB10, and ABCB11) in 96 chromosomes from Japanese volunteers. The polymorphisms published here should be useful for examining relationships between genotypes and susceptibilities to certain diseases.
On average, we identified one SNP in every 936 nucleotides. SNPs were especially frequent in the TAP2 gene (average of one per 171 bp), but fewer were present in ABCB1 (1/1400 bp), ABCB7 (1/2538 bp), ABCB9 (1/ 2000 bp), or ABCB10 (1/1308 bp).
In the ABCB1 gene, we identified two synonymous polymorphisms and one that was nonsynonymous (Ala893Ser/ Thr). The synonymous 1145Ile polymorphism has been shown to correlate significantly with the expression level of this gene (Hoffmeyer et al. 2000) , but it is unlikely that this SNP affects transcription directly. However, the nonsynonymous (Ala893Ser/Thr) polymorphism we detected was located in the region encoding the second transmembrane domain and may have phenotypic consequences. Many SNPs have been reported previously in the TAP1 and TAP2 genes, because of the high degree of polymorphism that pertains among MHC genes (Colonna et al. 1992; Powis et al. 1992; Jackson and Capra 1993; Jeffreys et al. 2000) . However, 5 of the 14 SNPs we detected in the TAP1 gene and 6 of the 37 genetic variations in TAP2 were novel. The novel insertion/deletion polymorphism (GG to TGGTGGGGTGGA) in the 3ЈUTR of the TAP2 gene could influence mRNA processing.
For the remaining six genes (ABCB4, ABCB7, ABCB8, ABCB9, ABCB10, and ABCB11), potential associations of ABCB genotypes with altered susceptibilities to various diseases have not been examined. However, we detected four novel nonsynonymous polymorphisms (Val135Ile in ABCB8, Val121Met in ABCB9, Ala150Ser in ABCB10, and Val444Ala in ABCB11). The first three of these SNPs were close to the N-termini of the respective genes. The fourth was located in a codon close to, and corresponding to the cytoplasmic side of, the functionally important first ATPbinding domain (NCBI Protein ID: NP_003733). Any of these four polymorphisms could have phenotypic consequences.
All data on these SNPs is available on our website (http:// snp.ims.u-tokyo.ac.jp/).
